Objective: Estimates of incident dementia, and cognitive impairment, not dementia (CIND) (or the related mild cognitive impairment) are important for public health and clinical care policy. In this paper, we report US national incidence rates for dementia and CIND. Methods: Participants in the Aging, Demographic, and Memory Study (ADAMS) were evaluated for cognitive impairment using a comprehensive in-home assessment. A total of 456 individuals aged 72 years and older, who were not demented at baseline, were followed longitudinally from August 2001 to December 2009. An expert consensus panel assigned a diagnosis of normal cognition, CIND, or dementia and its subtypes. Using a populationweighted sample, we estimated the incidence of dementia, Alzheimer disease (AD), vascular dementia (VaD), and CIND by age. We also estimated the incidence of progression from CIND to dementia. Results: The incidence of dementia was 33.3 (standard error [SE], 4.2) per 1,000 person-years and 22.9 (SE, 2.9) per 1,000 person-years for AD. The incidence of CIND was 60.4 (SE, 7.2) cases per 1,000 person-years. An estimated 120.3 (SE, 16.9) individuals per 1,000 person-years progressed from CIND to dementia. Over a 5.9-year period, about 3.4 million individuals aged 72 and older in the United States developed incident dementia, of whom approximately 2.3 million developed AD, and about 637,000 developed VaD. Over this same period, almost 4.8 million individuals developed incident CIND. Interpretation: The incidence of CIND is greater than the incidence of dementia, and those with CIND are at high risk of progressing to dementia, making CIND a potentially valuable target for treatments aimed at slowing cognitive decline. ANN NEUROL 2011;70:418-426 T he rapid growth in the number of older adults in the United States puts an increasing number of individuals at risk for cognitive impairment and dementia. As a result of this demographic shift in the population, the prevalence of Alzheimer disease (AD) is estimated to grow to
T he rapid growth in the number of older adults in the United States puts an increasing number of individuals at risk for cognitive impairment and dementia. As a result of this demographic shift in the population, the prevalence of Alzheimer disease (AD) is estimated to grow to nearly 9 million individuals in North America by 2050. 1 Previous estimates of the incidence of dementia and AD in the United States for individuals aged 65 years and older primarily have been extrapolated from data on local or regional samples. These estimates range from 20 to 43 cases per 1,000 person-years for dementia [2] [3] [4] [5] [6] and from 14 to 27 cases per 1,000 person-years for AD. [2] [3] 5, 7, 8 Fewer estimates are available for the incidence of milder impairment that does not reach the severity of dementia, often termed mild cognitive impairment (MCI) or cognitive impairment, not dementia (CIND). The criteria for CIND and MCI have grown more similar over time, 9 with the 1 remaining difference being that CIND requires either complaint of a problem or impaired test performance, 10 and MCI requires both complaint of a problem and impaired test performance. 11 This difference in criteria for CIND and MCI does not appear to account for the broad variability in estimated incidence rates for mild impairment, 12 which range from 22 to 51 cases per 1,000 person-years. [13] [14] [15] Although incidence estimates for MCI and CIND vary, there is general agreement that individuals with cognitive impairment are at higher risk of progressing to dementia compared to older individuals with normal cognition.
Estimates of the incidence of CIND and dementia are essential to provide benchmarks against which to assess trends in incidence rates over time and to assess the effect of preventative measures devoid of survival effects that can bias prevalence estimates. Both the large numbers of individuals affected with CIND or dementia and the conditions' broad impact on the individual's health, family resources, and healthcare mean that even small benefits from future interventions may have a significant impact on disease burden in the United States.
The Aging, Demographics, and Memory Study (ADAMS) uses a national probability sample that includes individuals from all regions of the United States and provides a unique resource to estimate incidence rates for dementia, AD, and CIND. As a longitudinal study, it is also able to assess rates of progression from CIND to dementia and better identify the full implications of cognitive impairment for public health and clinical care policy.
Subjects and Methods

Sample
The ADAMS sample was drawn from the larger Health and Retirement Study (HRS), an ongoing national probability cohort study of individuals born prior to 1960, designed to investigate the health, social, and economic implications of the aging of the American population. [16] [17] [18] The HRS began in 1992, and the current sample includes approximately 22,000 individuals. The ADAMS began with a stratified random subsample of 1,770 individuals from the approximately 7,000 HRS respondents aged !70 years old who completed the 2000 or 2002 wave of HRS. Participants in the full ADAMS sample lived in 42 states distributed throughout all census regions of the United States. To achieve a sufficient number of ADAMS respondents across the full range of cognitive ability, the sample was stratified based on cognitive screening scores on the HRS. Respondents were each classified into 1 of 5 cognitive strata, ranging from low to high cognition based on their HRS cognitive screening scores. For respondents who completed the HRS interview themselves, the score from an abbreviated version of the modified Telephone Interview for Cognitive Status  19 was used to assign them to a stratum. For respondents unable to complete the interview themselves, a proxy for the respondent completed the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE), 20 which assessed changes in the respondent's cognitive and functional ability. These respondents were classified based on the IQCODE scores. The highest 3 cognitive strata were further stratified by age (70-79 years vs !80 years) and sex, to ensure adequate numbers in each subgroup. Additional details of the ADAMS sample design are described elsewhere. 21, 22 The Figure summarizes the number of participants at each phase of the study; additional details on participation rates have been reported previously. 22 The initial ADAMS assess- 23 The institutional review boards at Duke University Medical Center and the University of Michigan approved all study procedures, and study participants or their surrogates provided informed consent.
Dementia Assessment and Diagnosis
All participants were assessed for cognitive impairment in-person in their residence by a nurse and neuropsychology technician. The full details of these assessment and diagnostic procedures have been previously described. 22 Briefly, an informant (usually a spouse or adult child) was identified by the respondent as someone who was knowledgeable about the respondent's daily activities and health issues. The following information about the respondent was collected from the informant: (1) a detailed chronological history of cognitive and functional symptoms, (2) medical history, (3) current medications, (4) current neuropsychiatric symptoms, (5) measures of severity of cognitive and functional impairment, and (6) family history of memory problems. During the assessment, each respondent completed:
(1) a battery of neuropsychological measures, (2) a self-report depression measure, (3) a standardized neurological examination, (4) a blood pressure measure, (5) collection of buccal DNA sample for APOE genotyping, and (6) a 7-minute videotaped segment covering portions of the cognitive status and neurological examinations. The neuropsychological battery has been described elsewhere, 22 and included measures of orientation, verbal and visual immediate and delayed memory, language, attention, executive function, praxis, and reading ability. Medical record releases were also sought to obtain relevant prior neuroimaging and laboratory results from participants' physicians. Final diagnoses were assigned by a consensus expert panel made up of neuropsychologists, a cognitive neuroscientist, neurologists, geropsychiatrists, and internists. The consensus panel reviewed all information collected during the in-home assessment and assigned a diagnosis in 2 stages, first without the medical records and then with the medical records. As part of the consensus process, the panel compared performance on the neuropsychological tests from all assessments, but the consensus panel was blind to the cognitive diagnosis assigned at the previous assessments. All individuals involved in the clinical assessments or diagnosis of ADAMS participants were blind to the participants' HRS cognitive screening scores.
Diagnoses fell within the 3 general categories: normal cognitive function, CIND, and dementia. The dementia diagnosis was anchored by the Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R 24 and DSM-IV 25 criteria, but the final diagnosis was based on the clinical judgment of the consensus panel. Currently accepted diagnostic criteria were used for AD 26 and vascular dementia (VaD), as adapted for research studies. 27 These assessment and diagnostic procedures for AD have been validated against neuropathological diagnoses.
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The criteria for CIND are less well-established than the criteria for dementia. In the ADAMS, the diagnosis of CIND was determined by clinical judgment, but was anchored in the following guidelines: cognitively not normal but not demented; self and/or informant report of problems with cognition or daily activities; or performance on neuropsychological measures that was both below expectation relative to education, reading level, and occupational attainment, and at least 1.5 SDs below published norms on at least 1 test. These CIND criteria are similar to those currently used for MCI, 11 except that the latter require both self and/or informant complaint and impairment on neuropsychological measures. To reflect that dementia and CIND are often the consequence of >1 pathological process, when appropriate we assigned a primary and secondary diagnosis denoting these multiple etiologies. Dementia onset was estimated as the age at which the individual met criteria for dementia based on a systematic review of the chronological history of cognitive and functional changes. 
Analyses
Population sample weights were constructed to take into account the probabilities of selection in the stratified longitudinal sample design and to adjust for differential participation in ADAMS at each assessment wave. Details of the development of these weights are described in a technical report elsewhere. 21 We compared sample characteristics by final cognitive status using the Wald chi-square test for categorical measures and the t test for continuous measures. Using the ADAMS sample weights, we estimated the national incidence of CIND and dementia (as well as the dementia subtypes AD and VaD) as the number of individuals affected per 1,000 person-years by 8-or 10-year age at follow-up categories.
To examine possible predictors of incident cognitive impairment reported in other studies, we used logistic regression to estimate the likelihood of dementia, AD, and CIND first as a function of age and then as a function of age and each of the following variables individually: education, gender, race, and APOE genotype. We then created models with all of the variables included. The results for each of the variables in the full models were similar to those for the reduced models, so we report only the full models in the Results section. For the estimation of incidence rates, person-years were calculated for each case as the number of years from the baseline assessment until the first of any of the following events: (1) the event of interest (dementia onset, for example), (2) death, or (3) completion of the final follow-up assessment (Wave D).
All analyses were conducted in SAS version 9.2 (SAS Institute, Cary, NC) using procedures that account for the influence of the weighting and other complex sample design features.
Results
The Figure shows the number of individuals in each outcome category for each phase of the study. Table 1 provides sample characteristics of individuals based on cognitive status at follow-up. Individuals who did not participate at Wave C or Wave D (n ¼ 92) due to illness, refusal, or being unable to be located did not differ from participants on baseline age, years of education, APOE e4 allele status, or mean Mini-Mental State Examination score; but they did differ on ethnicity, in that Hispanics made up 11.6% of nonparticipants but only 4.1% of participants. Participants were followed an average of 4.89 (SD, 1.76) years. The mean estimated age of onset for incident dementia was 83.72 years (SD, 5.49), and the estimated mean age at first diagnosis for those with incident CIND was 82.83 years (SD, 5.35). Table 2 shows rates of incident CIND, AD, and dementia by age at follow-up. The incidence of dementia increased progressively with age, reaching 82 cases per 1,000 person-years for individuals aged >90 years. AD incidence also increased with age and accounted for >70% of the dementia cases overall. The incidence of VaD (n ¼ 16) overall was 6.2 (95% confidence interval [CI], 1.7-10.7) cases per 1,000 person-years. VaD incidence increased from 2.1 (95% CI, 0.0-4.9) cases per 1,000 person-years for those aged 72 to 79 years to 11.4 (95% CI, 1.9-20.9) for those aged 80 to 89 years; however, there were no additional cases of vascular dementia for those aged 90 and older. Overall, we found that an estimated 3.4 million individuals aged 72 and older in the United States developed incident dementia over a follow-up period of 5.9 years, of whom approximately 2.3 million developed AD and 636,825 developed VaD. Table 2 also shows that the incidence of CIND progressively increased with age, and at each age stratum the incidence of CIND was higher than the incidence of dementia. When limiting the analyses just to those with CIND, the incidence rate at which individuals with CIND progressed to dementia was 120.3 cases per 1,000 person-years. In contrast, the incidence rate of conversion to dementia among those with normal cognition was 17.1 cases per 1,000 person-years, a rate 7Â lower than among the CIND group. Even so, it is important to note that among the 214 individuals with CIND at baseline who were followed longitudinally, 110 retained their CIND designation throughout the period that they were followed, which suggests that progression to dementia may not be inevitable among individuals in this group. Twenty-five individuals (11.7%) with CIND at baseline reverted to normal cognition at a subsequent follow-up assessment, but 15 of these 25 then later reverted back to CIND, and 5 individuals progressed to dementia after further longitudinal follow-up. Over an average followup period of 4.8 years, an estimated 4.8 million individuals aged 72 and older in the United States developed incident CIND. Based on these national estimates, individuals who progress from CIND to dementia account for 75% of all incident cases of dementia. Table 3 shows the results of the full logistic models predicting dementia, AD, and CIND. Older age and fewer years of education tended to be associated with a higher risk of AD and dementia among all participants; the odds ratios for the 3 cognitive outcomes were similar, but only some of the values reached standard significance levels. The presence of at least 1 APOE e4 allele was associated with increased risk of incident dementia, AD, and CIND. There was no significant association between race and the incidence of CIND, dementia or AD among all participants, whereas being male was associated with decreased risk of AD.
When limiting the group to those with CIND, males had a lower risk of progressing to dementia than Table 3 ). The association between APOE e4 carriers and progression to dementia was significant (OR, 2.76; 95% CI, 1.27-5.97). Age, education, and race were not associated with progression from CIND to dementia.
Discussion
We estimate that about 3.4 million new cases of dementia occur during 6 years of follow-up for a US cohort that is aged 72þ years at baseline; approximately 2.3 million of these individuals have AD. Almost 4.8 million individuals are estimated to develop incident CIND during the same time period, which is approximately 40% more than the number of incident dementia cases of AD in this age group in the United States. These are the first estimates of the incidence of AD, dementia, and CIND in a national probability US sample. Direct comparisons to other studies of dementia and AD incidence estimates are difficult due to differences in the age structure of the samples and the reporting of different age strata among the various studies. However, estimates of the incidence of dementia and AD from ADAMS are broadly within the midrange of estimates reported by other studies in the United States and Canada. [2] [3] [4] [5] [6] [7] 29 We note that the other studies used age 65 years as the lower limit; ADAMS incidence rates would likely have been lower if its age range were lowered from 72 to 65 years. Brookmeyer and colleagues 1 developed an equation for age-specific AD incidence rates based on a review of the worldwide literature. Applying this equation to US 2004 life tables, 30 the estimated incidence of AD for ages 72 to 79 years would be 8.5 cases per 1,000 person-years, 25.6 cases per 1,000 person-years for ages 80 to 89 years, and Total sample size for incident dementia and AD analyses ¼ 456; total sample size for incident CIND analysis ¼ 266; total sample size for incident dementia among CIND group ¼ 268; total sample size for incident dementia from normal group ¼ 242. Number of incident CIND is 11 more than in Table 1 because Table 2 numbers for incident CIND include the 11 individuals who developed incident CIND and then progressed to incident dementia. AD ¼ Alzheimer disease; CIND ¼ cognitive impairment, not dementia; SE ¼ standard error; CI ¼ confidence interval.
76.7 cases per 1,000 person-years for those aged 90 years and older. 1 Although these estimated incidence rates are remarkably close to those found in ADAMS for individuals aged 80 years and older, the AD incidence rates from ADAMS for ages 72 to 79 years are higher than those estimated by the Brookmeyer equation. Notably, however, this is the age group in which the literature review 1 found the most heterogeneity among estimates worldwide and in which the US estimates were generally among the highest worldwide. Few studies worldwide and even fewer US studies have estimated the incidence of mild impairment, labeled as either CIND or MCI. Differences in case ascertainment and diagnostic criteria make it difficult to compare studies, but our estimate of 60 cases per 1,000 personyears is slightly higher than 1 other multiethnic US study.
14 Although most studies report an increased risk of dementia among those with various forms of mild cognitive impairment, the estimates of rates of progression have varied widely. One study compared rates of progression for 16 different diagnostic definitions of mild impairment and found that the rates of progression to dementia over 2 years ranged from 0.3% to 29%. 31 Generally the definitions that allowed for impairment in both memory and nonmemory domains, similar to that used in the present study, resulted in the highest rates of conversion to dementia. We found that individuals who progressed from CIND accounted for 75% of the incident dementia cases. It is likely that for many of the other 25% of incident dementia cases, we may have been able to detect CIND prior to dementia with shorter follow-up intervals. These findings highlight that a period of mild impairment prior to dementia is likely detectable in the majority of individuals. A point that is often overlooked is that many individuals remain mildly impaired for years and may not progress to dementia. Over 50% of individuals with CIND in the present study did not progress to dementia during the time period that they were followed. From this group, we may be able to identify factors that delay progression to dementia. It has been estimated that delaying the onset of AD by 1 year in those at risk would result in about 1 million fewer cases by 2050, 1 with the largest decrease in the number of severe AD cases. So interventions, whether behavioral or pharmaceutical, that can even modestly delay progression from CIND to dementia may significantly decrease the burden of dementia on patients, families, and the health system. One of the challenges of studying the outcomes of mild impairment has been the variable rates of diagnostic stability over time, regardless of the diagnostic nomenclature used. In our sample, 12% of those with CIND reverted to normal cognition at 1 of the follow-up assessments. This rate of reversion to normal is virtually identical to that in another study 32 that has used the same assessment and diagnostic procedures used in ADAMS. In a study 31 that examined 2-year follow-up outcomes using 16 different algorithm classifications for MCI in a population-based sample, the rates of reversion to normal varied from 18% to 45% across the range of diagnoses indicating pathological decline; but in other studies using algorithm diagnoses, the reversion rate was as high as 93%. 33 These studies suggest that longitudinal outcomes may differ based on the diagnostic criteria applied and whether an algorithm versus a consensus conference approach is used. 9 Limitations of ADAMS include possible response bias due to selective nonparticipation and attrition. This is a potential risk for all longitudinal studies, especially epidemiological studies of older individuals where comorbidities and mortality are common. To minimize response bias, we used archived information from prior interviews to develop response propensity models and associated weighting adjustments. Due to the relatively small sample size in some age groups, the estimates of incidence lack some precision. Also, due to the relatively small numbers in any given geographic region, we could not assess regional differences in outcomes. The higher rate of attrition for the Hispanic group may limit the generalizability of the results for that ethnic group. Diagnostic errors may have occurred due to inaccuracies in both the diagnostic criteria and in the assignment of the diagnosis by the consensus panel. The diagnostic criteria particularly for cognitive impairment without dementia are in the developmental stages and require further validation. 11, 34 We attempted to minimize variability in the assignment of the clinical diagnosis within this study by using assessment teams based at a single site who used methods established in previous epidemiological studies and by using 1 common expert case review panel. Our findings show that combined dementia and CIND affect a very large segment of the elderly population. Those with CIND are at particularly high risk of progressing to dementia; however, at least within a 6-year period, not all individuals with CIND progress to dementia. Our estimates of national incidence rates for CIND and dementia may serve as a benchmark against which to measure the effectiveness of potential future dementia prevention interventions.
